In this paper, we offer a dynamic model of the optimal tenure behavior of an individual who faces the possibility of moving multiple times during his lifetime. We also investigate the lifetime effects of such factors as income tax, property tax, transaction costs, and mortgage rates on the householdÕs tenure choice. The agents in the model utilize a genetic algorithm, a probabilistic search approach, to determine their optimal lifetime tenure choice path. The agents are forward looking in that they anticipate such possible events as changes in jobs, marital status, household size, or dissatisfaction with current residence. Our results suggest several housing policy implications and explain some of the empirical findings in the literature.
Introduction
Several empirical studies have established that tenure choice and mobility decisions are correlated.
1 In this paper, we offer a dynamic model of the optimal tenure behavior of an individual who faces the possibility of moving multiple times during his lifetime. We also investigate the lifetime effects of such factors as income tax, property tax, transaction costs, and mortgage rates on the householdÕs tenure choice.
The decision to either own a house or rent one is by nature a discrete one. For this reason, we study, the optimal tenure choice of a household as a discrete time, discrete state Markov decision model, and analyze the effects of the tenure choice on the lifelong discounted utility of the individual. Discrete Markov decision models are analyzed using the dynamic programming principle and can be represented graphically as decision trees. The general prescribed procedure for choosing a decision from a decision tree employs backward induction analysis. However, the empirical studies on human cognition show that backward induction models perform poorly in predicting behavior of economic agents (Camerer et al., 1993; Gabaix and Laibson, 2000) . In this paper, we replace the assumption of backward induction with a heuristic search procedure known as the genetic algorithm where the agents are forward looking and anticipate such possible future events as job relocation and changes in marital status and household size.
In addition to offering a new procedure to analyze the tenure choice problem, we also simulate the model utilizing various set of parameters obtained from historical data. We simulate the impacts of several economic and housing variables such as income tax, property tax, transaction costs, spread between mortgage and market interest rates, house price appreciation rate, and relative cost of renting on a randomly moving individualÕs tenure decision. The results suggest that the theoretical model and the forward looking solution procedure perform very well in terms of explaining the previous empirical findings in the literature about home ownership decisions of households.
The main conclusion of the model is that there is a strong relationship between home ownership decisions and the stage in the life-cycle in that older households act differently than middle-aged and younger households. Furthermore, the impact of changes in several factors on tenure choice seems to be different depending on the stage in the life-cycle. For example, an increase in income tax rate is projected to affect positively the home ownership of all households but it has less effect on old-aged households. Similarly, an increase in the home appreciation rate increases the home ownership rate in early ages but reduces the ownership rate of elderly. A decline in the market interest rate relative to the mortgage interest rate will have a positive impact on the home ownership rate at early ages but it will not have a significant effect on the home ownership rate of aged households. Transaction costs play a role in the tenure choice as well. An increase in transaction costs reduces the ownership rate, and middle-aged households are more sensitive to transaction costs than other age groups. If rents are high relative to house values, the household prefers to own at young ages, and as rents decline, the householdÕs home ownership propensity declines significantly. We also find a negative relationship between property tax rates and home ownership rates regardless of age. Moreover, if the property taxes are increased, the lifetime discounted utility of the household decreases significantly.
Although tenure choice has been one of the most widely studied concepts in real estate literature, the majority of theoretical models of tenure choice do not consider the impact of the mobility of households, and hence fail to capture the intertemporal interactions between household characteristics, mobility, and the tenure decision. Early examples of theoretical models include Artle and Varaiya (1978) , Ranney (1981) and Schwab (1982) . The focus in Artle and Varaiya (1978) and Ranney (1981) is on the impact of a perfectly anticipated change in future house prices on current housing demand in the presence of capital imperfections. Households choose to own or rent based on where they are on their life-cycle path of income and how their tenure decision affects their desired path of consumption and asset accumulation. The point of Schwab (1982) is to show that imperfect capital markets cause inflation expectations and nominal interest rates to play a role in the demand for housing, but not to the extend argued in some of the earlier studies. The reason is that an increase in expected inflation causes an increase in the nominal interest rate and the nominal (constant) payment on a typical mortgage, thus increasing the real payments in initial years while reducing real payments in later years. Henderson and Ioannides (1983) highlight an externality involved in renting that makes it more attractive to own than to rent. The externality arises from the fact that the landlord cannot fully charge the tenant for the tenantÕs increased rate of utilization of the property (this externality results in over utilization of the property under rental tenure) and the tenant cannot collect from the landlord for improvements he makes on a unit. However, none of these models incorporates the possibility that the consumer may have to move in the future.
The need for a dynamic model of housing tenure choice is recognized in a later paper by Henderson and Ioannides (1989) . However, they conclude that such a model would be too complicated to solve. Instead, they estimate tenure choice, consumption level and length of stay of households using several reduced-form models. Ioannides and Kan (1996) offer a dynamic discrete choice model that incorporates mobility of households in their tenure choice but the complexity of their setup prevents them from providing a closed-form solution. The mobility of households is also considered in the search model of van der Vlist et al. (2002) . However, their focus is on the search of tenants for a rental unit, the matching between searching tenants and the existing supply of units by the landlords, and the resulting steady-state equilibrium. In a recent effort simultaneous to ours, Nichols (2003) uses a finite-horizon life-cycle model where housing is both a consumption and investment good. His objective is to show that the ''over-investment puzzle'' of housing is consistent with the rational behavior by agents. In addition to focusing on a different issue, the current model also differs from Nichols (2003) in its solution methodology for the tenure choice problem. To our knowledge, the current study is the first study to offer a dynamic life-cycle model of tenure choice employing a genetic algorithm and to utilize this model to explain the findings of the empirical literature. Instead of calculating the probability that the individual is an owner or renter, we derive the optimal tenure choice strategy from the discrete choice problem of forward looking individuals. Our approach is different from traditional models in the sense that individuals form their strategies by incorporating their average probability of move, average improvement on their income, appreciation of housing values etc. and make optimal choices.
The remainder of the paper is organized as follows. The theoretical model is presented in the next section. Section 3 discusses the solution procedures. Numerical experiments and results appear in Section 4. The final section offers some policy implications of our results, especially for older households, and concludes.
The model
In this section, we develop a life-cycle model of household tenure choice with random mobility. The objective of a household is to maximize the expected discounted value of his lifetime utility. There is a positive probability that the household may have to move at any time. If he moves, he chooses his tenure, own or rent. Let the tenure choice at time period t be represented by x t and the mobility state by s t where the discrete tenure choice is defined as Then, the maximal expected value of the discounted lifetime utility, V, is
where E is the expectation operator, d > 0 is the discount factor, T is the terminal period, u(x t ,s t ) is the utility function for tenure choice of x t in state s t and p(s t ;s tÀ1 ,x tÀ1 ) represents the state transition probabilities in each period from state s tÀ1 with tenure x tÀ1 to state s t . The representation of Eq. (1) assumes that future choices are made optimally. The part of the randomness in householdÕs payoff function arises from the fact that state variables at time t + 1 are observable only at time t + 1, but not before. There is a possibility that household moves at time t (s t = 1) and the probability of a move is a function of household characteristics such as, income, age, household size, marital status, race, and gender etc.
We assume that at time 0 an individual has a given initial endowment, x 0 , which is c fraction of the value of the house h 0 that he currently lives in as an owner or a renter (x 0 = ch 0 ). If an individual moves at time 1, he has to make a tenure choice. If he decides to own a house at time 1, he uses initial endowment as downpayment and obtains a mortgage to finance the rest of the house value. On the other hand, if he decides to be a renter at time 1, he invests his initial endowment at the market interest rate, i. This decision will be made every time he moves. Otherwise, he will stay in his current residence as either a renter or an owner. If the household does not move at time t (s t = 0), the utility function for the renter with annual income, y t and annual rent, e t , is
and for the owner with annual income y t :
where s and h are the income and property tax rates, respectively. h p represents the value of the house purchased at time p < t. Here, it is assumed that property taxes are calculated based on the historical house value. M represents the ownerÕs constant mortgage payment which includes interest payment, R and the repayment of the principal:
where N is the term of the mortgage, r is the mortgage interest rate and the difference between the value of the house purchased, h p , and the existing endowment of the individual, x p (downpayment), represents the loan amount. 2 As captured in the utility functions above, a renter has an extra interest income, ix t whereas an owner has a tax deduction advantage on property tax and mortgage interest payments.
A household that moves (s t = 1) will incur transaction costs. These costs include attorney fees, closing costs, moving expenses, etc. Thus, the utility functions for the mover can be written as follows:
if the new unit is rented,
and if the new unit is purchased,
where c t and o t are transaction costs incurred by renter and owner, respectively.
The endowment of the household depends on the remaining mortgage balance when he sells his house at time k 6 t and the appreciation of the house value over years
where a t P À1 is the house appreciation rate and b t represents the remaining mortgage balance at time t. b t can be expressed as a function of mortgage payments M, mortgage interest rate r, mortgage term N, and the time passed since the individual purchased the house, tÀp
Clearly, if an individual has never been an owner, b t will be zero.
3 Fig. 1 depicts the decision tree of a representative household in two periods with the respective utility functions u(x t , s t ; x tÀ1 , s tÀ1 ) in each mobility state and tenure choice. Although we illustrate only the case where household moves and lives in an owner-occupied house at time 0, our analysis will include the case where the household moves and lives in a rental house at t = 0 as well. In the figure, rectangular boxes, and circles represent decision nodes and states respectively. Table 1 shows how utility functions, endowments, mortgage payments, and mortgage balances of a household are calculated at each decision node. Because of the dynamic nature of the model, all of these functions depend on the current and previous states and tenure.
Solution procedure
We present our model to predict optimal dynamic tenure choice of an individual over his lifetime as a decision tree. The general prescribed procedure for choosing an action from a decision tree employs backward induction analysis that entails three fundamental consistency principles: dynamic, consequential, and strategic (Busemeyer and Townsend, 1993; Hammond, 1976; Sarin and Wakker, 1998) . Intuitively dynamic consistency requires the decision-maker to follow through the plans to the end. Consequential principle requires the decision-maker to focus solely on the future events and final consequences given the current state of events, and strategic consistency is the union of the first two. These assumptions provide the foundation for working backward search procedures. However, recent empirical studies on human decision making show that backward induction analysis may be unsuitable for emotionally laden decisions (see Busemeyer et al., 2000; Camerer et al., 1993; Gabaix and Laibson, 2000) . For this reason, we assume that our households solve their tenure choice problem by looking forward. Our approach is to specify the optimal tenure path that will be taken at each period as the household moves through the decision tree from the initial node to terminal node. Instead of planning the action at the terminal node and working backwards to the beginning, we propose a decision algorithm working forward over time. Yet, we assume that our decision-maker is sophisticated à la Hammond (1976) anticipates future choices and chooses the best path from amongst those that are available to him. Thus, the sophisticated choice path will be dynamically consistent.
The empirical studies have also demonstrated that people tend to simplify problems and solve them using selective heuristic search techniques. Since real life problems are generally multitudinous, the trial, and error search would simply not work for complex systems and that the search must be highly selective (Gabaix and Laibson, 2000; Simon et al., 1986) . In this study, we use an alternative approach known as the genetic algorithm (GA), a probabilistic search approach, to examine the optimal tenure choices of an individual over lifetime. To derive a dynamically consistent solution for the model, we have to apply complete enumeration where GA handles efficiently since the search will be stochastic and directed (Goldberg, 1989) . GA is founded on the ideas of evolutionary processes and operates on a population of candidate solutions to a well-defined problem (for a more detailed description of GA procedure, see Appendix A).
Time aggregation
In the model, we assume that individuals make buy or rent decisions whenever they move (s t = 1). The factors that cause individuals to move are characterized as random events, such as changes in jobs, changes in marital status, changes in household size, or dissatisfaction with current residence (Muth, 1974) . It should be noted, however, that if an individual has to move and make a tenure choice at each period, the decision tree becomes very large within a short period of time. For instance, for our particular problem, an individual will face more than 1.5 million decision nodes if these random events, i.e., moves, are realized 13 times over the lifetime. The tractability of such a decision tree would be very difficult for an individual looking forward at t = 0. In our numerical experiment, we assume that an individual starts to move and makes his first tenure choice at age 25 and lives until age 75. Then, we aggregate our 50-year model into five mobile periods. In determining the number of moves that a household makes over lifetime, we consider the results of previous studies on the average number of times US households move and how long they stay in their residences over their lifetime. For example, Ioannides (1987) calculates that the average length of stay is 142.35 months. It suggests that individuals will move approximately five times over a 50-year period. Thus, in our proposed model, the individual will face five random events of move with estimated probabilities. Furthermore, since older households stay longer in their current dwellings (Muth, 1974) , we assume that a household will decide to move or not every 5 years until age 35. The length of stay increases to 10 years after age 35. Hence, at age 25-35, the random event of one move happens within a five-year interval and thereafter, within a ten-year interval until age 75. So, in our model, the length of stay is determined primarily by life-cycle characteristics, such as marital status, age and occupation, that are exogeneous to tenure choice. The last tenure decision will be made at age 65 and the household will live in that residence for the remaining ten years. At age 75, the owner will liquidate his house while renter has already liquidated his house and both move to a nursing home and die at age 76. 
Parameter selection
Based on the historical data and current observations in the US markets, we utilize the following set of parameters: property tax rate, h = 0.02; income tax rate, s = 0.19; market interest rate, i = 0.06; mortgage interest rate, r = 0.07; house price appreciation rate, a = 0.02; discount factor, d = 0.95; and downpayment, c = 0.2.
5 Homeowners pay legal and realtor fees at the time they move out of their homes whereas renters do not have to pay these fees. The transaction costs for renters include security deposits of one or two monthÕs rent, search costs to find a new house and moving costs (DiPasquale and Wheaton, 1996) . Therefore, we assume that three percent of the house value and two months rent can be taken as transaction costs for owners and renters, respectively. The probability of a move p(s t = 1; s tÀ1 , x tÀ1 ), is estimated at each decision node using a sample of households from 1990 to 1993 panel study of income dynamics (PSID) datasets. The moving probabilities depend on previous tenure status, household wealth, demographic characteristics, such as, age, and work status characteristics, and they decline as households get older (see Table 2 and Table B .1 in Appendix B). Current renters have higher probability of moving than current owners do as found in several studies (for example, see Ioannides and Kan, 1996; Kan, 2000) .
In our numerical experiments, some parameters change over time as reported in Table  2 . Average household income, house value and rent at different age groups are estimated 4 Although the model does not explicitly incorporate any bequest motives, one can modify the model to assume that individuals leave some/all of their wealth available at age 75, accumulated in their houses through principal payments and appreciation in house value, to their heirs. This will not change the results of the paper as long as we assume that the utility of consumption from a dollar is the same as the utility from leaving a dollar to oneÕs heirs.
5 These values are calculated as follows: Property tax rate is the average property tax rate in several US cities in 1992. The market interest rate is the interest rate on the 30-year US Treasury-bills. Mortgage interest rate is the average interest rate on fixed rate mortgages. House price appreciation rate is calculated from the changes in the median house values in the US over the decade between 1990 and 2000. Most of these values are obtained from the Statistical Abstracts of the United States. Since there is a jump in the cost of mortgage when the downpayment is less than 20% (due to mortgage insurance requirement), we assume a loan-to-value ratio of 80%. from PSID datasets. Furthermore, as age increases, income of household increases first but then it declines after certain age. This relationship also holds for the rent paid and the value of the house purchased (DiPasquale and Wheaton, 1996) . In calculating the average rent, we assume that households will buy a house with a value 16 times of their annual rent. Since Poterba (1992) reports that this user cost (ratio of house value to annual rent) increased from 13.3 to 15.1 over the last decade (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) and the real rent has not changed much but house values have appreciated after 1990, we take a value of 16 as a user cost in our base case.
Numerical experiments
The life-long optimal tenure choices of an individual using benchmark parameters and the sensitivity analysis using six different simulations are reported in Table 3 . In the analysis of forward-looking decision-making, there are two sets of results for each experiment depending on the initial tenure status of the household (either owner, x 0 = 1 or renter, x 0 = 0 at age 25). Thus, the impact of changes in income tax, property tax, house appreciation rates, transaction cost, rents, and spread between mortgage and market interest rates on the optimal tenure path of an individual has been numerically examined. The ratios in the table represent the probability of owning a house if a move occurs, conditional on the initial tenure choice made at age 25. According to the model, an individual who moves at age 30-35 (or t = 1) makes only one tenure decision. In our numerical experiment, it is found that the optimal choice will be to buy a house regardless of the previous tenure at age 25 (as captured by the ratio 1/1 in Table 3 ). Assuming that the ownership rate at age 25-30 is 36.5%, 6 the result that all of the movers become homeowners increases the expected home ownership rate at age 30-35 to 59.18% 7 regardless of the changes in economic and policy variables. In the second period, age 35-45, the individual faces two cases. The first case occurs if he does not move in the first period, but moves in the second period and has to choose his tenure. Similarly, the second case occurs if he moves in both the first and the second periods. The results indicate that the household is better off by owning in one case and renting in the other case (as captured by the ratio 1/2), 8 thus giving rise the expected home ownership rate for the 35-45 age group to 61.87%, as reported in the third column of the table.
At ages 45, 55, and 65, a household faces with 4, 8, and 16 tenure decisions, respectively, depending on his mobility in the current time periods. Since optimal decisions are found to be same across different scenarios until age 45, we will concentrate on the results after 45. In addition to the tenure choice, we present the utility gains or losses relative to the base case in each experiment. Table 3 for further explanations.
8 There is only one exception. When the appreciation rate is zero, it is found that the owner individual at age 25 will rent a house in both cases. Their expected ownership rate is 57.63%. 9 The base case corresponds to the discounted utility of the household under the initial parameters specified in Section 3.2. a Each cell represents the probability that a household owns (x t = 1) given that he moves (s t = 1) if he starts as an owner or a renter at age 25-30 (x 0 = 1,0). For example, in the first column, on age 55-65 with 16% income tax rate, the household makes eight tenure decisions depending on his previous moves. It is found that he decides to rent in all of the cases (i.e., 0/8).
b The p(own) columns represent the expected ownership rate. It is calculated using the following formula: p(own at l) = p(own at l |move at l, own at lÀ1) p(move at l |own at lÀ1) p(own at lÀ1) + p(own at at l |move at l, rent at lÀ1) p(move at l |rent at lÀ1) p(rent at lÀ1) + p(own at at l |not move at l, own at lÀ1) p(not move at l |own at lÀ1) p(own at lÀ1) where l=30-35, 35-45, 45-55, 55-65, 65-75 , and p(own at 25-30) = 36.5%.
The first experiment examines the effect of income tax rate on the optimal tenure choice. Several empirical studies have found that tax deductibility of mortgage interest payments and property taxes have substantial positive influence on home ownership (Aaron, 1970; Green and Vandell, 1999; Rosen, 1979; Rosen and Rosen, 1980; Rosenthal, 1988) . Since tax deductibility reduces the effective cost of owning, this benefit would increase with the income tax rate. For the base case, where income tax rate is 19%, when household moves by ages 65-75, he will have a 0.625 (i.e., 10/16) probability of owning if he started as an owner at ages 25-30. This probability decreases to 0.25 (i.e., 4/16) if he started as a renter. Hence, the expected home ownership rate at ages 65-75 will be 57.70%. The simulation results suggest that if income tax rate increases, a representative household is more likely to become a homeowner at the ages of 45-55 and 55-65. However, in old ages (after 65) since real income of household declines (see Table 2 ), an increase in income tax rate will reduce the tax benefits of mortgage payments and subsequently reduce home owning propensity of moving aged households. Consequently, the tax deductibility of interest is worth less to the older households, as in Aaron (1970) . Although tax benefits of owning increase, the lifelong discounted utility of the household declines as income tax rate increases.
The simulation results for the impact of a change in house price appreciation rate suggest that if there is no appreciation in house values, the household would prefer to be a renter. If house values appreciate, he chooses to be a homeowner in early ages as found by Nakagami and Pereria (1991) and Rosen et al. (1984) . As house values continue to increase, if he moves, he prefers to sell his house and rent instead of owning. This slightly reduces the conditional probability of home ownership in old ages. Although the growth in house prices increases the proportion of owner-occupiers for the relatively young households (45-55), this increase will depend on the access the household has to a mortgage loan market. Ranney (1981) shows that consumers respond differently to changes in prices depending on the constraints in the mortgage market. Since older households have higher accumulation of equity than young households, they will choose to own even at low house price appreciation rates. For example, when the house value appreciation rate is two percent, even if the household did not own at ages 45-55, the conditional probability of owning increases to 0.50 (0.38) (i.e., 4/8 (3/8)) at ages 55-65 and changes to 0.625 (0.25) at ages 65-75 if the household was owner (renter) at age 25-30. Additionally, the discounted utility of the household increases as the house price appreciation rate increases.
The third simulation analyzes the impact of a change in the spread between the market and mortgage interest rates instead of the level of interest rates. Since Schwab (1982) shows that there is no clear-cut relationship between demand for housing and real interest rates, inflation rate and nominal interest rate, and Kan (2000) reports no significant influence of nominal interest rates on tenure choice, we examine the spread between the market and mortgage interest rates instead of the level of interest rates. If the spread is low, the opportunity cost of buying a house will be high and individuals prefer to be a renter instead of owning a house when they move. As spread increases, it is observed that the household becomes renter at ages between 45 and 55 but he is more likely to be an owner at ages above 55. This can be explained by the difference in the cost of owning for different age groups. At ages 55-65, real income of household is similar to that at ages 45-55 ($63,685 vs $62,259, see Table 2 ) but households prefer lower priced properties at ages 55-65 (the house value purchased at ages 45-55 is $125,000 vs $115,000 at ages 55-65, see Table 2 ). Therefore, even though mortgage interest rates increase relative to the market interest rate, the impact on ownership cost will be lower for the 55-65 age group than for the 45-55 age group. Hence, mover households at ages 55-65 still prefer owning a house instead of renting although households at ages 45-55 prefer to rent, as proposed by Kearl (1979) . As spread increases more, all households prefer to own and invest in a house rather than to invest at the market interest rate and rent a house. Similar to Schwab (1982) , we also find that discounted utility loss due to the increase in the spread is very small. As the opportunity cost of owning increases, the expected ownership probability declines for all age groups.
Transaction costs are assumed to be a certain percentage of the value of the house purchased. Since a household in the 45-55 age group purchases the highest value houses, he will incur the highest transaction costs. Therefore, he is better of renting than buying. However, a household at ages between 65 and 75 is more likely to own even at slightly higher transaction costs since he purchases a less expensive house ($105,000). In addition, we observe that if transaction costs increase, the probability of owning decreases for all age groups. These findings support Rosenthal (1988) that if transaction costs are high, individuals prefer to stay in rental housing because of the increase in the cost of owning. This result is also supported with the decline in expected home ownership rates with the increase in transaction cost at almost all age levels. The discounted utility of the household is slightly affected from the changes in transaction costs since these costs are paid only when the household moves.
We also found that if rents are high relative to house values (e.g., d = 15), the mover household is more likely to become a homeowner at relatively young ages whereas if rents decline, he prefers to be a renter immediately. However, at old ages, the household is more likely to be a home owner although rents decline relative to house values since there are offsetting tax benefits. In this experiment, the impact of changes in rents on lifelong discounted utility of the renter is noticeably higher than that of the owner.
When we study the impact of property taxes, we observe that in the base case, households at ages 45-55 choose to rent when they move. This finding confirms the actual lower rate of ownership in this age group. 10 As property taxes increase, the households prefer to be renter in general. To be more specific, none of the households that moves in age groups 45-55 and 55-65 prefers to be an owner if property taxes are above two percent. The reason for this behavior can be explained by the fact that property taxes are based on the acquisition value of the house.
11 Hence, the tendency to purchase high-priced houses and higher probability of moving at ages 45-65 relative to ages 65-75 result in adverse impact of property taxes on ownership propensity. Moreover, the discounted utility of the households declines as the property taxes increase.
The numerical results suggest that income tax rate is the most important factor that affect the utility of households. The sensitivity of utility to the changes in the income tax rate can be explained by the fact that an individual is required to pay income taxes regardless of the tenure choice or mobility. The other costs are paid either when the individual becomes an owner or when he moves.
Conclusions
The objective of this paper has been to offer an alternative theoretical model of the lifetime tenure choice problem. In the model, the household with random mobility solves its tenure choice problem by looking forward and maximizing its lifetime utility. We also simulate the model utilizing parameter values obtained from historical data. We examine the impact of such variables as income tax, property tax, transaction cost, house price appreciation rate, relative cost of renting, and spread between mortgage and market interest rates on the householdÕs tenure decision. The results indicate that the theoretical model and the forward looking solution procedure perform very well in terms of explaining the previous empirical findings in the literature about tenure choice of households, thus suggesting that individuals act quite rationally in their choice of home ownership status.
In this study, we have investigated the tenure choice of households under the assumption that the probability of a move by a household is dependent of whether they own or rent but independent of the length of stay in the current unit. However, as argued in a recent study by Goodman (2002) , the tenure choice is correlated with the length of stay in the current unit. One extension of the current model would be to correlate the mobility rate with the current ownership status and to incorporate residence time in the analysis of tenure choice.
where
and p i denotes the probability of move at t = i, and d is the discount factor. Starting with any random solution as an initial population, say, x 1 = x 2 = x 3 = 0, GA guides the search for optimum solution. Although we have a two-period problem, the recursion inherent in the model complicates the fitness function remarkably. GA works iteration by iteration generating and testing a population of solutions. The current population are carried through into a new population depending on the fitness values or discounted lifelong utility function. Due to this operation called reproduction, a candidate solution with better fitness value gets larger number of copies in the next iteration. This strategy emphasizes the survival-of-the-fittest (natural selection) concept of the genetic algorithms. In our problem, candidate population of solutions for three tenure choices, x i , are substituted to the fitness function and the ones with higher values are selected for further transformations. As mentioned earlier, this approach is different from classical search methods. In classical methods of optimization the rule is deterministic where movement is from one point in the search space into another point based on some transition rule. However, in GAs probabilistic operators progress the search. In order to explore new solutions in the search space, crossover and mutation are applied as additional genetic operators to reproduction. A simple crossover follows reproduction in a few steps. First, newly reproduced strings are paired together at random. Then, an integer position along every pair of strings is selected uniformly at random. Finally based on the probability of crossover, the paired strings undergo crossing over at the integer position along the string. As an arbitrary example, consider two strings y = 000111 and z = 111000 of length six mated at random. If the random draw chooses position three (y = 000|111 and z = 111|000), the resulting crossover yields two new strings, y * = 111111, and z * = 000000. By combining reproduction and crossover, we exchange information and combine portions of good quality solutions. Reproduction and crossover give GAs most of their search power. Third operator mutation is simply an occasional random alteration of a string position based on the probability of mutation.
12 The mutation operator in general helps in avoiding the possibility of mistaking a local extreme for a global one. Genetic algorithms combine partial strings to form new solutions that are possibly better than their predecessor. This kind of methodology is strictly inductive when compared with other search methods, which are mostly deductive. Holland (1975) schema theorem places the theory of genetic algorithm on rigorous footing by calculating a bound on the growth of useful similarities. The fundamental principle of GA is to make good use of these similarity templates.
Appendix B. Estimation of moving probabilities
In determining the moving probabilities, the model by Boehm et al. (1991) is estimated using a sample of 9406 households selected from the 1990 to 1993 Panel Study of Income Dynamics. The following logit model is used in the estimation of the moving probability for owners and renters.
Definition of Variables: Move
Dummy variable, takes a value of 1 if a household moved during the last two years, and 0 otherwise.
Previous tenure
Dummy variable, takes a value of 1 if a household was owner before the move.
Income
Annual family money income in terms of 1992 prices in 10,000 s.
Family size
Number of people in the family. Change in marital status Takes a value of 1 if there is a change in marital status.
Married
Takes a value of 1 for married households and 0 otherwise.
Male
Takes a value of 1 if head of household is male, 0 otherwise. White Takes a value of 1 if head of household is white, 0 otherwise.
(continued on next page)
Line missing Takes a value of 1 for married households. and spouse works full time, 0 otherwise.
Job changed
Takes a value of 1 if there is a change in the main employer of the head of household.
Change in family size
The absolute value of the change in family size over one year period following the tenure choice. Unemployed Takes a value of 1 if head of household is unemployed, and 0 otherwise.
